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PREFACE 



Traditionally Nepal la have designed and 
built their houses using some of the 
principles which are now being develop* 
ed anew to capture and use the sun's 
energy to make the houses warmer. 
Sherpa houses, for example , have doubl e 
sized windows, a Dig on e to admit the 
Sun's heat on w^rm days And a smaller 
one for less heat loss in cold wea tTfer* 
■ Roof a are insulated with "straw, tiler, 
and stone plates and often t hey are ex- 
tended over the windows '16 keep tHe "BuTT 

gut, in Qiimmftf. 

The new designs and materials used In 
modem buildings often overlook the 
formerly used techniques* Concrete 
wall 8 i cement plastering, flat roofs, 
big windows all around the building, 
etc., often bring disadvantages* Roofs 
leak; in winter it may be too hot on one 
side of the house in the daytime and 
freezing cold at night* In summer it is 
often Just too hot to stay in the rooms 
on the south side* 

The recently developing concepts of de- 
signing for efficient house heating 
with solar energy emphasize Integrated 
planning so that all parts of the house 
contribute to the heating process* The 
functions of the three principle compon- 
ents of house heating are to admit heat 
during the warm part of the day, retain 
and store the heat, and to release It 
at night* For admitting heat large 
windows or solar collectors are orient- 
ed to the south, small or no windows on 
the other sides. Retention requires 
good insulation and adequate masses of 



heat absc .»blng materials in which. to 
store the heat- These storage masses 
(eg* interior brick walls, interior 
water tanks, etc.) automaticnlly release 
their heat as the rooms cool off at night. 

9ol*r heating systems may be either 
"active" or passive". Active systems 
use fans and pump n to move the heat about. 
Passive systems i sly on natural thermo- 
sy phoning and the ^-called greenhouse 
effect. Since the passive systems use no 
forms of energy other th^n sun power , 
they are more appropriate for developing 
countries. This pamphlet describees pas- 
sive systems only. 

This paper is a reduced la sue of a report 
by Mr. Fred Hopman who will publish a 
complete manual In the autumn of 197$. 
Here are presented only general princi- 
ples and information about how the vari- 
our solar heating systems work, as sug- 
gestions of things that might be useful 
in Nepal. Actual building takes further 
information and expertise. Sever 1 in- 
dividual f asked for printed information 
"hen Mr. Hopraan gave his lectures and 
slide snows during his visit to Nepal in 
February, 1978 • With nls cooperation 
tm s brochure in presented to fulfil 
t hone requests. 
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INTRODUCTION 

Solar energy has come to public atten- 
tion in recent years aa it is understood 
that the picture of fossil fuel consump- 
tion is limited* It is apparent that the 
present energy equation is not balanced* 
Using up energy reserves is an untenable 
situation, and the imbalance is reflected 
in our diseased biosphere* To be in 
balance, man cannot rely on energy that 1® 
not self -renewing* Alternate energy 
sources* aside from being self -renewing , 
have the advantages of being non-pol luting, 
free (after the initial investment), and 
Independent of a politically controlled 
energy source such as the electric grid or 
oil* This self-sufficiency has important 
implications as the modern world comes to 
understand the eruptive danger of energy 
dependence* 

Furthermore, it is becoming evident that 
depleting forests for fuel has irreversi- 
ble consequences such as soil erosion* 
destruction of the plant and animal eco- 
logy that depends on the forest, and 
far-reaching cnmnga m in the cii^t* **r n " 
a cooler. molster to a hotter* drier one 
bis the humidity and evaporative cooling 
effect of the forest is eliminated * 
Another major consequence is the destruc- 
tlon of a resource which, if properly 
managed could provide an indefinite 
source of fuel, food and beauty* 

Since it takes thousands of years for a 
forest to develop a rich, stable humus 
layer, it is unfortunate when it Is lost 
to soil erosion in one or two generations 
of misuse* 



2 



There ape many examples around the world 
of this chain of events* Moat of the 
Middle Bast, Iran 9 Afghanistan and Pakis- 
tan, for Instance, were heavily forested 
only a few hundred years ago and had ade- 
quate rainfall , hut are now predominantly 
desert or arid* With present populations 
and technology (chain saws, etc*) the des- 
truction can be ouch more rapid* 

Bnvironmentsl destruction is an accidental 
by-product of 9 and in direct proportion to, 
industrialization* This need not be so, 
and the third-world countries are In a 
unique position to avoid the hard-learned 
mistakes encountered in developing with 
fossil fuels ail to take advantage of the 
recently initiated alternate energy tech- 
nologies* Many of the needs now supplied 
by conventional energy can be supplied 
Instead by solar energy on an economically 
competetlve basis* »Ven if this were not 
the case, it would be wise to develop 
solar energy on a major scale in view of 
the limitsand limitations of fossil fuels* 

Solar „%« Pgr JJojr House Heating 

Prom the earliest development of solar 
technology it was understood that to 
heat a house adequately one must perform 
these functions; collect the sun's heat, 
store It, and release it In a useful way* 
This prompted the development of solar 
collectors, heat storage units and radia- 
tors or hot air controls as separate 
units* Since the collectors were usually 
on the roof, and the heat storage units 
in the house below, a fan or pump was 
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required to motivate the circulation of 
the heat- transporting fluid. Thus these 
systems became unduly complex, expensive, 
unsightly and dependent on the energy 
prid to operate. 

A more sophisticated and far cheaper 
solution presented Itself as the nature 
of heat and its relationship to building 
materials was better understood. The 
three functions of collecting, storing 
and using the sun 9 8 heat were Integrated 
into, and were indistinguishable from 
the very structure of the house. Since 
such a system requires no further devices 
or power to operate, it is termed "pas- 
sive". 

Solar energy has been defined as a "soft" 
technology, as opposed to, for instance, 
"hard" nuclear technology* Passive solar 
heating is at the soft end of so?ar tech- 
nology. Another way of putting it is: 
passive solar technology is the type 
most directly coupled to the sun and is 
least damaging to the environment, be- 
cause it takes the principle of using 
renewable energy to its logical 
extreme. 

Ac tive an d Passi ve Solar Systems 

An "active" solar system is defined as one 
that relies to some extent cn conventional 
energy to operate. This implies that the 
added conventional energy is needed to 
induce the elements in the system to per- 
form in a way that is counter to their 
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natural propensities, such as to make 
hot air flow downward and cold air up- 
ward* Active Rvwteas are not appre- 
ciably dTFFerent in efficie ncy to paa- 
elve ones, and are almost always more 
complex, more expensive and more 
subject to breakdown because of moving 
parts and power failure. The Justifi- 
cation for active systems of the past 
Is that passive technology was not yet 
understood* And the main importance 
of active systems at present is for 
retrofitting many of the existing <§true 
tures that may not be able to incorpo- 
rate passive principles* There seems 
to be little justification at present 
for designing a new structure with an 
active system 9 unless exposure Is a 
problem* 
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A passive system is defined as one which 
operates entirely on the renewable energy 
available in the immediate environment* 
Aside from the manufacture of the original 
equipment, which in most cases will require 
at least some non-renewable energy (until 
our alternate energy technology catches up), 
the passive systems are in balance* They 
do not use up resources* In most cases the 
systems can be constructed of environment al- 
ly "clean" materials such as glass, adobe 
(earth), rock, water and iron* The opera- 
t Ion of passive systems takes advantage of 
the natural characteristic of materials, 
such as the convective flow of air and 
water, the absorbtivity of d*rk colours and 
dense materials, heat-storing properties of 
dense materials and water, and the poor 
heat conductivity of insulating materials* 
Understanding these properties allows the 
designer to arrange them in such a fashion 
that they perform according to the heating 
and cooling requirements of the house, 
given the sun as a heat source % and the 
night sky as a heat sink* 

Examples (American Building Standards) 

As an indication of the success of pas- 
sive solar heating design, consider the 
following: 

A passive solar home in Ataecadero, Cali- 
fornia which employs a roof pond with 
movable Insulation, has been 100 % heated 
and cooled since 1973 with a reported ini- 
tial Incremental cost of less than $ 3200. 
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A 2100 ft 2 hone In Princeton, Hew Jersey, 
which utilizes a Tronbe wall for solar col- 
lection and storage has been occupied for 
two winters with the solar heating system 
reducing by 76 % the space-heating require- 
ments for the first winter and by 85 £ the 
second winter. 

A 10,000 ft 8 warehouse/office structure 
with 8300 ft2 of direct gain and dram-wall 
heated space built In Pecos, Hew Mexico, at 
a reported cost of t 13/ft 2 has been heated 
and lighted for almost an entire year with 
a cumulative heating electric bill of only 
I 60. 

A 2300 ft2 home near Santa Fe, Hew Mexico, 
which utilises a solar greenhouse for heat 
collection has been heated through its 
first winter with electrle heating bills 
consistently running less than # 20 per 
month* 

A 1955 ft 2 home in Los Alamos, Hew Mexico, 
which utilizes a Trombe wall and direct 
solar gain for heating has been 60 % 
heated through its first winter, with ini- 
tial incremental costs for solar heating 
amounting to only 10 % of the cost of the 
entire house* 

Note: Of necessity, most of the houses 
tested and described here are several 
years old* Hot all the principles of pas- 
sive solar heating that are understood now 
were Incorporated in each of these bulld- 
ingd. Better performance can be expected 
in future for less additional expense* 
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SHORT DSaCKlPTIOft OF 3EV&KAL PASSIVK 
SOLAR 8Y3T &US 

Di rec t Umin 

The south side of the house Is provided 
with a* much window area as needed ac- 
cording to calculations based on the 
total heat needed to keep the house wars 
and the solar energy available* ffhe win- 
dows are glazed rlth two layers of glass 
of plastic textured on i;he lnalde surface 
o f the Inner pane to diffuse the light "fo 
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Interior surfaces. This diffuse ra- 
diation is absorbed by the thermal mass 
surfaces (concrete, brick, rock, water 
in containers) which make up walls, par- 
titions, floor and ceiling. Thermal 
mass surfaces are ideally a dark color, 
while other surfaces are preferably light 
so that they do not overheat interior air. 
A vapor barrier and ample Insulation is 
placed exterior to the mass wall. This 
prevents the stored hest in the mass 
walls from escaping except to room in- 
teriors* Computer simulations show this 
system to be able to collect 60 - 70 > 
of available solar energy. Several 
houses have been built with this system, 
some of which are 100 % solar heated in 
the cold (7000 degree days) climate of 
northern New Mexico (ample ran)*. A cor- 
rectly calculated overhand blocks out 
summer sun. Reflectors can Increase in- 
put* Night insulation (curtains, insu- 
lated shutters or self-closing and open- 
ing louvres) may be necessary in extreme 
climates. ,0ne can readily see that the 
added coat of the solar aspects of such 
a building are negllgable* It ean he 
calculated that in America the cost of 
the entire building could be made up 
over 50 - 70 year 8, almply from the en- 
ergy savings, at preaent energy costs* 

In terms of trade-offa, smaller collec- 
tor windows, but more Insulation on the 
rest of the house is preferable to the 
other way around, since large windows sre 
such a heat drain at night, or require 
night insulation* 



10 



Water Wan 

The water wall la used the aaae way as the 
self* insulating water wall (see below) ex- 
cept that it requires moveable Insulation — 
at night for the heating mode, during- the 
day for the cooling node. The water wall 
absorbs 60 - 70 £ of available radiation* 



WATER WALL 




Tronbe Wall or Ther mal M ass Wall 

Here the south aide of the house is made 
of a solid wall 9 painted black on the cut- 
aide and covered with double glazing* 
There are two ways that the heat enters 
the building. Firstly the thermal mass of 
the wall absorbs the sun* 8 heat all day 
and radiates it to the interior at night 
(the delay of the heat wave travelling 
through the wall and reaching the inner 
surface depends on the thickness of the 



TR0M6E WALL OR THERMAL MASS WALL 



WINTER 



DOUBLE S*4.AZiW& •> 

Xj 

AIRSPACE - 




»1 * / 



€O?«¥£€fi0tl 

~~in~ MASOHRf WALL 
' #> RAOlATlON 



t 















✓ 









INSULA? 10H 



\ 




wall and the thermal conduct It! ty of the 
material)* 

Secondly, if openings are made through 
the wall at floor and ceiling level, the 
heated air between the wall and the ex- 
terior glass can e&nvect into the room, 
being replaced below by cooler air fro® 
the room* 

The thermal mass wall can also be used 
In conjunction with direct gain or a 
solar greenhouse* It is 35 - 1*5 % ef- 
ficient* 

Sxi st ing houses that have good sun 
exposure on south aass wails can be rea- 
dily adapted to this system* Generally 
added insulation is necessary on the 
other walls* 

Solar Greenh ouse 

A greenhouse is built on to the south 
wall of a house aa\ through convection 
transmits excess heat into the house dur- 
ing the day, while heat stored in the 
mass wall, which can be a self-insulating 
water wall or a water wall, radiates to 
the Interior as well. With the self** 
insulating water wall, one can determine 
the amount of stored heat that radiates 
to the interior or back to the greenhouse 
at night* 

This system provides an added sunny space 
to live in and can provide a place to 
raise vegetables and flowers as well* 

Sun angles have to be considered to pre- 
vent over heating of the greenhouse in 
summer* Large vents are helpful* 
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Roof Ponds 

In a roof pond system , the thermal mass in 
the form of bags of water, Is located above 
the celling and has access above to solar 
radiation and the night sky* Moveable, 
insulation id required to make the system 
operational* The system is very good for 
cooling, since it faces the night sky. but 
doe© not have an ideal angle for collection 
of heat. This drawback can be avoided with 
reflectors. 

Se lf Insulatin g Water Wa ll 

A self Insulating water wall, invented and 
developed by the author, may have advan- 
tages when used in conjunction with the 
direct gain system In some situations* 

This system can be used for heating as 
well as cooling and has the advantage of 
built-in insulation* The system depends on 
water-filled tanks that have a sheet of in* 
sulation inside close to the south face of 
the tank* 

Heating mode: Water that is heated through 
the surface of the tank convects over the 
insulation to a large storage compartment 
and is replaced by colder water entering 
below the insulation from the storage com- 
partment- Since reverse convection is 
prevented by a valve at night 9 the insu- 
lation can prevent heat loss from the main 
(heat storage) compartment* 

Cooling Mode: The valve can be manually 
reversed, so that convection can not take 
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place during the day but is allowed 
during the night* Then the warmer water 
convectB from the main compartment over 
the insulation, radiates the heat to the 
night environment and returns cooled 
below the Insulation to the main compart- 
ment* The cooled water then acts as a 
heat sink for the building during the 
day* 

The convection in either selected mode 
is passive , and the day-night valving 
action is also passive* These modules 
are best used in conjunction with direct 
gain and/or a solar greenhouse* The 
absorbing efficiency is between 55 and 65 
% of available radiation, ant very little 
heat is lost at night* 

If used with direct gain, then the south 
side of the house is made up of self- 
insulating water wall modules and win- 
dows* The inner surface of the modules 
radiates heat to the Interior and the 
rate of radiation can be controlled by 
a curtain* The same considerations of 
overhang* as mentioned above apply to 
this system* This system is suitable 
for retrofitting existing houses* 

The phenomenal advantage of these sys- 
tems is only now becoming apparent » 
partly because the interaction of heat 
and materials was not self-evident and 
required considerable research* and 
partly because the systems have not 
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been widely publicised since there is no 
hardware to sell and nobody has a vested 
interest In their promotion* 

SUMMARY OP PASSIVE SOLAR PRINCIPLES 

P?i. e J^t a . t l°i* : The ideal is a location that 
gets no shading during the rinter months 
when the sun is low* 

Another consideration is protection from 
prevailing wind* If the local climate 
has prevailing morning or afternoon 
cloudiness the house Is oriented slightly 
more to the west or to the east respect- 
ively* 

Design: The house has east-west elonga- 
tion to expose a large surface to the 
south* The harsher the climate or the 
poorer the insulation the larger the 
south face (absorbing face) has to be in 
proportion to the internal volume (i *e* 
the narrower the house is K-8). 

North Wall; Small window area, good insu- 
lation, thermal mass inside* 

Bast and West Walls : Small to medium win- 
dow area , good Insulation 9 thermal macs 
inside* 

§° u th Wall: One can calculate the size of 
collector area required for a structure 
from the collector efficiency and the heat 
load of the structure. The heat load" or 
or heat loss is a function of the size of 
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the structure 9 the insulating proper- 
ties and the climate* A rough idea of 
collector efficiencies can be had fron 
the above discussion of passive systems. 
The peculiarities of each system should 
be taken into account and combinations 
such as direct gain or greenhouse with a 
self-insulating water wall are desirable. 
To increase the overall efficiency of all 
the above , except the self-insulating 
water wall, night insulation must be add- 
ed* External reflectors increase the 
incoming radiation* 

Celling : Well insulated, preferably ther- 
mal mass inside* 

H oof ; Overhang to south that allows 
winter sun in, but cuts out summer sun* 
Preferable is an adjustable overhang (eg. 
hinged) since for the same sun angle, one 
needs more solar input in the spring than 
in the fall* Horizontal louvres with ad- 
justable angles can also be used for 
shading. They should be mounted outside 
the glass for minimum heat intake* 

F oundation : Should be insulated on the 
outside about 100 cm. vertically below 
ground level, and have a vapor barrier 
between it v and the mass wall above it. 

Insulation and Ajrproofing : Double air- 
lock entrance, "preferably away from pre- 
valent wind, but not on south side. 
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All insulation is placed on the ex- 
ferioi" of the wall©. Construction should 
be ae air proof a» possible 5 windows end 
doors are weather stripped 9 flu* a have 
dampers, fireplaces are closed off* Cur- 
tains, thermal shutters or night insula- 
tion against the windows is helpful. 
Care oust be used to avoid edge leakage 
or convection behind these* 

T hermal Mass : The building should have 
sufficient thermal storage potential 
I rock, water, concrete, brick) to store 
heat according to the expected % of the 
heating to be achieved by solar heating 
(*or temperate climate a rough guess is 
that 2k hours heat storage will result 
in 60 - 70 % solar heating, given adequate 
insulation)* 

The most cost-effective system, as indi- 
cated above , uses only windows to the 
south (diffusing glass)* All interior 
walls, floor (and celling) are made of 
material with good thermal mass* A 
thickness of 10 - 15 em for most materials 
is sufficient although more does not give 
an appreciable advantage or disadvantage* 
Water is more than twice an m+t^iA** m 
concrete at storing heat . It mixes in 
its container, so it is very efficient 
at absorbing, retaining and releasing 
heat as well* Partition walls are still 
effective at twice the thickness mention- 
ed above (20 - 30 cm) since they absorb 
and release heat from both sides* 
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Thermal mass is preferably painted a d ark 
(absorbing) color, out Tlie greater t"Ke*"~ 
" surface of thermal mass insI5e7_tne less 
Sark It needs to be. 16 te: With a Targe 
amount or sun shining in* dark surfaces 
are not objectionable* Objects without 
ther mal mass are preferably of light amor s 
gTTKg Y ref lec t the lncoml ng raqiatlon 
f>^f f h#ii» than fitmMM*kXs^L^±t to heat wM^b 

would be given off to Interior air, causing 
possible overheating* 

Ql azlng ; Can be either glass or plastic. 
If one intends to use interior walls, ceil- 
ing and floor for heat storage, the glass 
or plastic should diffuse the light (tex- 
tured surfaces). Double glass is used 
throughout the house (2 - a cm space is 
ideal). If mg^ra mml3L_fllgar glass is used 
flow iron content >7trlpl« glaring becomSe 
if conom 1 cal ^ on ^ t he eouth^side^ gl, ^ 

at night * 

All windows and doors should be recessed 
from external walls to decrease heat loss 
from wind* 

WHAT ARE TH& RETROFIT POSSIBILITIES ? 

If the orientation of a house is adequate 9 
and the south wall of the house has suf- 
ficient exposure, the following considera- 
tions are made: Is the thermal envelope 
sufficient ? This depends on the severity 
of the climate, and the percent of heating 
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that is to be achieved by solar energy. 

Is there sufficient thermal mass ? If 
the existing house is made of stone, 
brick, cement or other dense Material 
and is not insulated inside, it pro- 
bably has sufficient heat storage capa- 
city if insulation is attached outside. 
If the house is made predominantly of 
insulating materials (wood, clnderblack 
or insulated stud walls) then thermal 
mass must be introduced to the extent that 
heat is to be stored for night-time use. 

Note : Often existing houses have good 
potential for solar heating when the sun 
is shining bjit may not have sufficient 
southern exposure or too great a heat 
load to warrant storing the heat. One 
efficient way of Introducing thermal 
mass into an existing building is to 
replace the south wall with self-insula- 
ting water wall modules that are glased 
on the outside* 

For plant lovers, or where added space Is 
needed, an add-on greenhouse is Ideal and 
quite effective as a solar heater* 

OTHER G0NSID£RATI0H3 

Sunlight; has a radiation spectrum that Is 
made up of invisible, high-frequency 9 ultra- 
violet radiation, visible radiation and 
invisible, lower- frequency Infra-red, or 
heat radiation* 
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When sunlight strikes a white surface (say 
whitewash) 90 or more of the radiation 
is reflected back as diffuse radiation 
(white roof in hot climate). 

When sunlight strikes a mirror or specu- 
lar surface the radiation is reflected at 
the same angle as the angle of incidence. 
Highly reflective gurfacftg r»an i» ft fi^t 
u pto 95 % of the Incoming sunlight > there* 
5 y becom |npr valuing tn i^T»»aQf Input 

an y solar device . 

When sunlight strikes a black surface, the 
higher frequency radiation (light) is con- 
verted to lower- frequency radiation (heat). 
An extremely black surface can absorb 65 - 
90 % of the sun's radiation, but usually 
at least 20 % of this is reradlated as 
heat* 

C ollector ef ficiencies of 50 % of avail- 
able sunlight are average to good. 70 % 
efficiency is exceptionally good. 

Heat Is transmitted in 3 distinct ways. 
Understanding of these is valuable for 
all solar applications: 

1 ♦ Radiat ion Is a wave-like transmission 
of heat that is independent of air and 
gravity. So it travels downward just as 
well as upward and a long distance as well 
as e short one. although the Intensity is 
greatly reduced the further it travel 8 9 
because it spreads out. Radiant heat 
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virtually does not heat up the air it 
travel 8 through* 

2 ♦ Cond uction occurs between two sub* 
stances in contact with one another or 
inside one substance transmitting the 
heat from the hotter part or substance to 
the colder at the mutual interface. Com- 
pared to radiation this is a very slow 
process* 

Example 1: Heat travels through 30 cm 
rrr_gnnftf»ftte In ah^t 10 hrmt»«- However, 
an input of heat at one surface of a 30 
cm wall at a high temperature will arrive 
at the other surface of the wall at only 
a fraction of that high temperature 
(about U % ) as the heat wave has diffused 
to the material in the wall. 

Example 2: If one is dealing with day and 
night extremes outside, the inside of a 
^0 cm wall averages these extremes out and 
fluctuates only about h % of the external 
extremes with about a 10 hour delay* 

Example 3: If one does not want more than 
5 or 100 C internal temperature variation, 
then internal thermal mass becomes virtual- 
ly ineffective if it is more than 10 - ?0 
cm thick, since the day-night temperature 
fluctuations in a wall thicker than this, 
vith good insulation outside, are neplig- 
able. For long-term heat storage more 
mass becomes important* 

3» ^P^ecUqn occurs in fluids and gas 8- 
eR (flir). Heat is transmitted by physical 
movement of the fluid from one place to 
the other. The movement is caused by the 
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fact that the warmer parts of the fluid or 
gas are lighter and tend to rise while the 
cooler parts are heavier and tend to sink, 
thus setting flowing currents in motion* 
This le important in transmitting heat, 
ror instance from a greenhouse to an ad* 
joining house* To prevent convection, 
for instance between two layers of glass, 
they are kept close together (2 - h cm). 
To promote convection in an air system , 
the greater the temperature differential 
and the higher the system the better the 
flow. 

io try to heat mass walls of a build- 
ing by first heating the air, and then the 
walls by conduction, is ten times less 
effective than heating the walls directly 
with radiant heat. 

Insulation : Vacuum is a perfect insulator 
for convection and conduction. Kadiation 
however passes through. 

The characteristic of all conventional 
building insulation as well as warm 
clot. he 8, bedding, etc. is that the 
material contains tiny spaces of air that 
cannot convect the heat away. 

ThU8 8awdU8t i « » h»t.t.*p Inft^lfltnr 

rood, or fiberglass than glass. Air- 

v ermiculite (expanded mica), pumice t or 
c eme nted sawduRt, fr ugk s» or puIp are some 
aTternative insulation possibilities. A 
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dead air space between two layers of 
glass is many times Detter as an insula- 
tor than one layer of glass, and two dead 
air spaces with a sheet of aluminum foil 
sandwiched between inner and outer masonry 
layers creates two air spaces and a radia- 
tion barrier. 

Volume Considerations; Since the surface of 
a building loses heat from the interior, 
one tries to reduce the ratio of surface 
to interior volume as much as possible* 
In geometry a sphere has the smallest sur- 
face area for a given volume* Archi- 
tecturally a dome closely approximates a 
sphere. The further one deviates from 
compactness, say towards a star shaped 
floor plan, the greater the surface area 
to volume* Another consideration is size: 
the larger the house the smaller the sur- 
face to volume ratio. One way of consi- 
dering it is to take many small houses 
and put them together to make one large 
one. All former external walls that have 
now become Internal walls (room dividers) 
need not be heated. 

Weather stri pping and Vapour barriers: It 
is important to seal' off air leaks in a 
building. A convective "chimney effect" 
takes place in a warm house in a cold 
environment. Cold air characteristical- 
ly enters in the lower half of a build- 
ing and hot air escapes in the upper half. 
An average house has a complet e »i r 
change every ten minutes, wftjlft rmo 
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exchf. iipr < i vftj- V | jiQ minut es is uij te 
adenuftt^ "'either ^tpip^ng^or^elt t 
foam^rumrer or cloth is advisable around 
all 'vinclowp .-.nd doors . fiberglass ie 
aurpe6ted -lien two mat* als of dl 8- 
Pi roller coefficients of expansion meet in 
conRt met ion (bricks against wood)* A 
vapour barrier is suggested in walls* and 
should be interior to the insulation* If 
it were placed exterior to the insulation, 
moisture from the room would condense when 
the dewpoint was reached, none distance in- 
to the insulation. This would reduce the 
insulation efficiency and could cause 
moisture damage. A good method of sealing 
interior mass walls is with a layer of 
plaster , concrete or mud. 

SUMMARY 

In general it can be said that even though 
these principles appear to be self-evident 
once they are known, it has taken this 
long to understand thera because of their 
h listic nature. The passive systems are 
directly coupled to the sun and the three 
functions of collection, storagn and dis- 
tribution of heat are carefully integrated 
Into the architectural whole. 

He aui red is an understanding of the cha- 
racteristics of the materials used and the 
physics of sunlight and heat transfer. The 
new system? are termed "passive" because 
they are effortless: they take advantage 
of the natural propensities of heat and 
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materials to achieve the desired results 
without the need for added conventional 
energy . 

This paper is a short introduction to 
passive system design. The author offers 
his services as solar consultant for a 
more thorough consideration of particular 
questions or designs* 
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